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Abstract 9 
Arsenogorceixite  BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6  belongs to the crandallite mineral 10 
subgroup of the alunite supergroup. Arsenogorceixite forms a continuous series of solid 11 
solutions with related minerals including gorceixite, goyazite, arsenogoyazite, 12 
plumbogummite and philipsbornite.  Two minerals from (a) Germany and (b) from 13 
Ashburton Downs, Australia were analysed by Raman spectroscopy. The spectra show some 14 
commonality but the intensities of the peaks vary. 15 
Sharp intense Raman bands for the German sample, are observed at 972 and 814 cm-1 16 
attributed to the ν1 PO43- and AsO43- symmetric stretching modes. Raman bands at 1014, 17 
1057, 1148 and 1160 cm-1 are attributed to the ν1 PO2 symmetric stretching mode and ν3 18 
PO43- antisymmetric stretching vibrations. Raman bands at 764 and 776 cm-1 and 758 and 756 19 
cm-1 are assigned to the ν3 AsO43- antisymmetric stretching vibrations.  For the Australian 20 
mineral, the ν1 PO43- band is found at 973 cm-1. The intensity of the arsenate bands observed 21 
at 814, 838 and 870 cm-1 is greatly enhanced.  22 
Two low intensity Raman bands at 1307 and 1332 cm-1 are assigned to hydroxyl deformation 23 
modes. The intense Raman band at 441 cm-1 with a shoulder at 462 cm-1 is assigned to the ν2 24 
PO43- bending mode.   Raman bands at 318 and 340 cm-1 are attributed to the (AsO4)3- 2 25 
bending. The broad band centred at 3301 cm-1 is assigned to water stretching vibrations and 26 
the sharper peak at 3473 cm-1 is assigned to the OH stretching vibrations.  The observation of 27 
strong water stretching vibrations brings into question the actual formula of arsenogorceixite. 28 
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It is proposed the formula is better written as BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6·xH2O. The 29 
observation of both phosphate and arsenate bands provides a clear example of solid solution 30 
formation.  31 
Key words: arsenogorceixite, gorceixite, arsenate, phosphate, crandallite, Raman 32 
spectroscopy 33 
34 
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Introduction 35 
Minerals of the crandallite mineral group are many and varied [1-3].  The crandallite group 36 
forms a large family of isostructural compounds having the general formula AB3(XO4)(OH, 37 
H2O)6, where A =  M+, M2+, M3+ and/or M4+ cations, B = M3+ (and minor M2+ cations, such 38 
as Cu2+, Zn2+ and M5+, such as Nb5+ and Ta5+), and X = P5+, As5+, S6+, Cr6+ and minor Si4+  39 
[4].  Arsenogorceixite  BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6 [5] belongs to the crandallite 40 
mineral subgroup of the alunite supergroup [6] and shows clear top green rhombohedral 41 
crystals, flattened to pseudo-octahedral, and in spherulitic aggregates of radiating crystals.  42 
The mineral is related to gorceixite with the arsenate group replacing the phosphate in the 43 
gorceixite structure [7, 8]. The mineral is the barium analogue of philipsbornite and 44 
arsenogoyazite, and the arsenate analogue of gorceixite [9, 10].  The mineral was previously 45 
described as sulfate-free weilerite. Arsenogorceixite is hexagonal with point group: 3bar 2/m. 46 
The cell data consists of space group: [R3m] (by analogy to the crandallite group) and a = 47 
7.10(3), c = 17.39(4) and Z = 3. The mineral philipsbornite PbAl3(AsO4)2(OH)5·H2O [11] is 48 
also member of the crandallite subgroup  [9, 10] of the alunite supergroup. It is the lead 49 
analogue of arsenocrandallite (Ca,Sr)Al3(AsO4,PO4)2(OH)5·H2O and arsenogoyazite 50 
(Sr,Ca,Ba)Al3(AsO4,PO4)2(OH,F)5·H2O, and the arsenate analogue of plumbogummite 51 
PbAl3(PO4)2(OH)5·H2O.  Arsenogorceixite forms a continuous series of solid solutions with 52 
these minerals [12].   53 
Raman spectroscopy has proven very useful for the study of minerals.  Indeed Raman 54 
spectroscopy has proven most useful for the study of diagenetically related minerals as often 55 
occurs with minerals containing phosphate and arsenate groups. This paper is a part of 56 
systematic studies of vibrational spectra of minerals of secondary origin in the oxide 57 
supergene zone. The objective of this research is to report the Raman spectra of 58 
arsenogorceixite and to relate the spectra to the molecular structure of the mineral.  59 
 60 
Experimental 61 
Mineral 62 
The mineral arsenogorceixite was loaned from the Australian Museum. The museum 63 
mineral sample number is D 54133.  The origin of the mineral was from Michael mine, 64 
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Weiler, near Lahr, Black Forest, Germany.  Details of the mineral have been published 65 
(page 33) [13].  The mineral is also known from the From the Bali Lo copper prospect, 66 
11 km west-southwest of Ashburton Downs homestead, Capricorn Range, Western 67 
Australia. The mineral is also known from the Adelaide Mine and the Magnet mine, 68 
Dundas, Tasmania, Australia.  Two samples were studied by Raman spectroscopy (a) 69 
arsenogorceixite from Germany (as above) and (b) lime coloured crystalline 70 
arsenogorceixite on dark green olivenite from Ashburton Downs.  A Raman spectrum of 71 
arsenogorceixite from Clara mine, Rankach Valley, Oberwolfach, Wolfach, Black 72 
Forest, Baden-Württemberg, Germany is given in the RRUFF data base 73 
[http://rruff.info/Arsenogorceixite].   74 
 75 
Raman spectroscopy 76 
Crystals of arsenogorceixite were placed on a polished metal surface on the stage of an 77 
Olympus BHSM microscope, which is equipped with 10x, 20x, and 50x objectives.  The 78 
crystals were small, flattened rhombohedral crystals.  The crystals were too small to orient on 79 
the stage. The microscope is part of a Renishaw 1000 Raman microscope system, which also 80 
includes a monochromator, a filter system and a CCD detector (1024 pixels). The Raman 81 
spectra were excited by a Spectra-Physics model 127 He-Ne laser producing highly polarised 82 
light at 633 nm and collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in 83 
the range between 200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest 84 
magnification (50x) were accumulated to improve the signal to noise ratio of the spectra. 85 
Raman Spectra were calibrated using the 520.6 cm-1 line of a silicon wafer.  An incident laser 86 
power of 0.01 mW was used. Such low power is necessary to prevent the decomposition of 87 
the minerals which of course have to be returned to the Australian museum.   88 
 89 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 90 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 91 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 92 
that enabled the type of fitting function to be selected and allows specific parameters to be 93 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 94 
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function with the minimum number of component bands used for the fitting process. The 95 
Lorentzian-Gaussian ratio was maintained at values greater than 0.7 and fitting was 96 
undertaken until reproducible results were obtained with squared correlations of r2 greater 97 
than 0.995.  98 
Results and Discussion 99 
The mineral arsenogorceixite contains both arsenate and phosphate anions, and therefore, the 100 
presence of these anions can be observed using vibrational spectroscopy. A good starting 101 
point is to study the position of the expected bands and to observe where the bands occur in 102 
aqueous solutions and then to observe the position of the bands resulting from the vibrational 103 
spectroscopy of minerals containing the individual anions. In aqueous systems, Raman 104 
spectra of phosphate oxyanions show a symmetric stretching mode (ν1) at 938 cm-1, the 105 
antisymmetric stretching mode (ν3) at 1017 cm-1, the symmetric bending mode (ν2) at 420  106 
cm-1 and the ν4 mode at 567 cm-1 [5]. 107 
 108 
 According to Myneni et al.  [14, 15] and Nakamoto [16], (AsO4)3- is a tetrahedral unit, 109 
which exhibits four fundamental vibrations: the Raman active 1 symmetric stretching 110 
vibration (A1) at 818 cm-1; the Raman active doubly degenerate 2 symmetric bending 111 
vibration (E) observed at 350 cm-1, the infrared and Raman active triply degenerate 3 112 
antisymmetric stretching vibration (F2) found around 786 cm-1, and the infrared and Raman 113 
active triply degenerate 4 bending vibration (F2) observed at 405 cm-1. Protonation, metal 114 
complexation, and/or adsorption on a mineral surface will cause the change in (AsO4)3- 115 
symmetry from Td to lower symmetries, such as C3v, C2v or even C1. This loss of degeneracy 116 
causes splitting of degenerate vibrations of AsO43- and the shifting of the As-OH stretching 117 
vibrations to different wavenumbers.  118 
 119 
Such chemical interactions reduce AsO43- tetrahedral symmetry, as mentioned above, 120 
to either C3v/C3 (corner-sharing), C2v/C2 (edge-sharing, bidentate binuclear), or C1/Cs (corner-121 
sharing, edge-sharing, bidentate binuclear, multidentate) [14, 15].  In association with AsO43- 122 
symmetry and coordination changes, the A1 band may shift to different wavenumbers and the 123 
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doubly degenerate E and triply degenerate F modes may give rise to several new A1, B1, 124 
and/or E vibrations [14, 15]. In the absence of symmetry deviations, AsO3OH2- in C3v 125 
symmetry exhibit the s As-OH and as and s AsO3OH2- vibrations together with 126 
corresponding the  As-OH in-plane bending vibration,  As-OH out-of-plane bending 127 
vibration, s AsO3OH2- stretching vibration and as (AsO3OH)2- bending vibration  [17-19].  128 
Keller [17] assigned observed the following infrared bands in Na2(AsO3OH)·7H2O 450 and 129 
360 cm-1 to the as (4) (AsO3OH)2- bend (E), 580 cm-1 to the  As-OH out-of-plane bend, 130 
715 cm-1 to the  As-OH stretch (A1), 830 cm-1 to the as AsO3OH2- stretch (E), and 1165 cm-131 
1 to the  As-OH in plane bend. In the Raman spectrum of Na2(AsO3OH)·7H2O, Vansant et 132 
al.  [18] attributed observed Raman bands to the following vibrations 55, 94, 116 and 155  133 
cm-1 to lattice modes, 210 cm-1 to  (OH…O) stretch, 315 cm-1 to (AsO3OH)2- rocking, 338 134 
cm-1 to the s (AsO3)2- bend, 381 cm-1 to the as (AsO3OH)2- bend, 737 cm-1 to the s As-OH 135 
stretch (A1), 866 cm-1 to the as (AsO3OH)2- stretch (E). 136 
Raman spectroscopy 137 
The Raman spectra of two samples of arsenogorceixite (a) from Germany and (b) from 138 
Ashburton Downs, Australia in the 100 to 4000 cm-1 region are displayed in Figs. 1a and 1b. 139 
This spectrum shows the overall position of the bands and their relative intensities. It is 140 
obvious that there are whole sections of the spectrum where no intensity is observed.  This is 141 
the reason why the spectra are subdivided into sections based upon the vibrations being 142 
studied and a more detailed analysis undertaken.  These spectra show bands around 3600  143 
cm-1 and in the 100 to 1100 cm-1 region. There are large parts of the spectrum where no bands 144 
are observed. Thus, the spectrum is subdivided into sections as a function of the type of 145 
vibration being observed.  146 
 147 
The Raman spectra of the arsenogorceixite samples from the two different origins (a) from 148 
Germany and (b) from Ashburton Downs, Australia  in the 700 to 1400 cm-1 region are 149 
shown in Figs. 2a and 2b.  The most intense band in Fig. 2a is the sharp band at 972 cm-1.  150 
This band is assigned to the ν1 PO43- symmetric stretching mode.  A series of bands are 151 
observed at around 814 cm-1 and are attributed to the ν1 AsO43- symmetric and antisymmetric 152 
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stretching modes.  The Raman bands on the high wavenumber side of the 972 cm-1 band at 153 
1014, 1057, 1148 and 1160 cm-1 are attributed to the ν1 PO2 symmetric stretching mode and 154 
ν3 PO43- antisymmetric stretching vibrations.  The two low intensity bands at 1307 and 1332 155 
cm-1 are probably due to CH bending vibrations. It is noted these peaks are present in Fig. 2a 156 
but not Fig. 2b. In contrast the spectrum of arsenogorceixite (Fig. 2b) displays a completely 157 
different range of relative intensities.  The phosphate symmetric stretching mode is of 158 
significantly reduced intensity and is observed at 973 cm-1.  The band at 1010 cm-1 is related 159 
to the ν1 PO2 symmetric stretching vibration. The intensities of the arsenate bands observed at 160 
814, 838 and 870 cm-1 is greatly enhanced. These bands are due to the AsO43- stretching 161 
vibrations.  The Raman bands at 764 and 776 cm-1 (Fig. 2a) and 758 and 756 cm-1 (Fig. 2b) 162 
are assigned to the ν3 AsO43- antisymmetric stretching vibrations.   163 
 164 
The Raman spectra of the two samples of arsenogorceixite mineral (a) from Germany and (b) 165 
from Ashburton Downs, Australia in the 300 to 700 cm-1 region are reported in Figs. 3a and 166 
3b.  This spectral region is where the arsenate and phosphate bending vibrations are observed.  167 
The most intense band (Fig. 3a) is the band at 441 cm-1 with a shoulder at 462 cm-1 and is 168 
assigned to the ν2 PO43- bending mode.  Alternatively these two bands might be due to 169 
ascribed to the triply degenerate (AsO4)3- bending vibration (F2, 4). The two low intensity 170 
bands at 510 and 556 cm-1 are attributed to the ν4 PO43- bending mode (Fig. 3a).  Raman 171 
bands observed at 318 and 340 cm-1 is considered to be due to the (AsO4)3- 2 bending 172 
vibration.  These modes are observed at 335, 347 and 363 cm-1 for the second sample (Fig. 173 
3b).  The Raman spectra of arsenogorceixite in the far low wavenumber region are given in 174 
Figs. 4a and 4b.  Raman bands are observed at 137, 167, 189, 244 and 264 cm-1 (sample 1) 175 
and 138, 158, 205, 240 and 262 cm-1 (sample  2).  These bands are simply described as lattice 176 
vibrations.  177 
 178 
The Raman spectra of the two samples of arsenogorceixite from (a) Germany and (b) 179 
Ashburton Downs, Australia in the 2600 to 3800 cm-1 are displayed in Figs. 5a and 5b.  The 180 
two spectra may be contrasted.  The common features are the broad band centred at 3301  181 
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cm-1 (sample 1) and 3184 cm-1 (sample 2) and the more sharp peak at 3473 cm-1 (sample 1) 182 
and 3482 cm-1 (sample 2).  These bands are assigned to OH stretching vibrations. The latter 183 
peak is likely due to the OH stretching vibration of the OH units. The presence of Ba in the 184 
mineral promotes the existence of surface hydroxyls [20]. Such hydroxyls may lead to the 185 
absorption of water [20].  The broad feature seems to be due to water stretching vibrations, 186 
although according to the formula there are no water molecules in the structure of 187 
arsenogorceixite. A series of peaks are found at around 2900 cm-1: for the spectrum of sample 188 
1, peaks are observed at 2849, 2891 and 2930 cm-1 and for sample 2, peaks are observed at 189 
2850, 2878 and 2931 cm-1.  It is probable that these bands are due to AsO3OH stretching 190 
vibrations. Another possibility is that these bands are due to the presence of hydrocarbon 191 
impurities.  The two peaks at 3621 and 3691 cm-1 in the Raman spectrum of arsenogorceixite 192 
sample 1, appear to be kaolinite peaks.    193 
 194 
The Raman spectra of arsenogorceixite in the 1400 to 1800 cm-1 region are reported in Fig. 6.   195 
Two bands are observed in each spectrum at around 1597 cm-1 and 1447 cm-1.  The latter 196 
band is assigned to the hydroxyl deformation modes of the OH units.  The former band is due  197 
to the water bending mode.  198 
 199 
The formula of arsenogorceixite BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6  indicates the presence 200 
of phosphate and arsenate anions. Thus, the Raman peaks of these anions would be expected 201 
and this is what is observed in the Raman spectra.  The ratio of phosphate and arsenate varies 202 
according to the origin of the mineral. The amount of phosphate in the German sample is 203 
significantly higher than in the Australian sample as is evidenced by the intensity of the 204 
phosphate and arsenate peaks in the Raman spectra.  The mineral gorceixite is the phosphate 205 
containing mineral. When the phosphate is replaced by arsenate, the mineral arsenogorceixite 206 
is obtained.  Thus, the first arsenogorceixite from Germany is an example of a solid solution 207 
of  arsenogorceixite-gorceixite.  The Raman spectrum of the Australian sample more truly 208 
reflects the Raman spectrum of arsenogorceixite.   209 
 210 
 211 
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Conclusions  212 
Arsenogorceixite  BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6  belongs to the crandallite mineral 213 
subgroup of the alunite supergroup. Arsenogorceixite forms a continuous series of solid 214 
solutions with related minerals including gorceixite, goyazite, arsenogoyazite, 215 
plumbogummite and philipsbornite.  Two mineral samples were examined: one form 216 
Germany and one from Australia.  Significant differences in the spectra were found. Bands in 217 
similar positions were observed but significant changes in intensity were found.  This 218 
difference was attributed to the amount of phosphate in the arsenogorceixite. There was 219 
significantly more phosphate in the German mineral as compared with the Australian sample. 220 
This is observed through the intensity of the PO43- stretching vibration for the German sample 221 
which is large. The band in the Australian spectrum is quite of low intensity. The arsenate 222 
bands for the Australian sample are of significantly more intensity and so more truly reflect 223 
the Raman spectrum of arsenogorceixite.   224 
 225 
Raman bands are attributed to both phosphate and arsenate stretching and bending modes. 226 
The observation of strong water stretching vibrations brings into question the actual formula 227 
of arsenogorceixite. The authors suggest the formula is better written as 228 
BaAl3AsO3(OH)(AsO4,PO4)(OH,F)6·xH2O. The observation of both phosphate and arsenate 229 
bands provides a clear example of solid solution formation. 230 
 231 
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